1. Introduction
===============

Pulmonary arteriovenous fistula (PAVF) is a very rare vascular anomaly, with an estimated prevalence of 2 or 3 per 100,000 people.^\[[@R1]\]^ PAVFs may be acquired, but most are congenital and associated with hereditary hemorrhagic telangiectasia (HHT). Sporadic isolated cases are also reported.^\[[@R2]\]^

Most PAVFs (80%) are considered local, with a simple morphology with a single feeding artery and venous sac and a single drainage vein. The remaining PAVFs (∼20%) are characterized as complex, that is, vascularized by more than 1 branch of the pulmonary artery or through several segmental pulmonary arteries and (or) drained through multiple segmental pulmonary veins.^\[[@R3]\]^ Compared with simple PAVFs, complex PAVFs are rarer and more severe.

Therapy for PAVF is limited, and there is significant morbidity and mortality.^\[[@R3]\]^ The presence and significance of symptoms depend on the size of the left-to-right shunt.^\[[@R1],[@R4]\]^ Surgery has been the main treatment, but the iatrogenic damage to normal lung tissue can occur, and there are many complications.^\[[@R4],[@R5]\]^

Herein, we describe 2 interesting cases of complex PAVF, not related to HHT, that occurred in a mother and her daughter. Both displayed similar clinical features and pathological involvement, and both recovered after the combined use of coils with a patent ductus arteriosus (PDA) occluder to obstruct the fistula.

2. Case report
==============

The 2 patients consented to publish this case report, which was also approved by the Institutional Review Board of West China Hospital of Sichuan University, Chengdu, China.

2.1. Case 1
-----------

A 34-year-old woman was admitted to the hospital due to low arterial oxygen saturation, which was noted during the preoperative work-up for elective gynecologic surgery of an ectopic pregnancy, 2 months before admission. Arterial blood gas showed a partial pressure of arterial oxygen (PaO~2~) of 49 mm Hg and an arterial oxygen saturation (SaO~2~) of 83% on room air. The patient had no cardiorespiratory symptoms except slight cyanosis of the nail beds. She denied chest pain, hemoptysis, cough, ankle edema, palpitation, or orthopnea. The patients' history, review of systems, and physical examination of the chest and precordium were unremarkable.

Laboratory studies showed normal urinalysis, a hemoglobin of 169 g/L, and red blood cell count of 5.66 million/mL. Echocardiography was unremarkable. Computed tomography angiography showed a large complex lesion composed of serpiginous tubular structures involving the basal segment of the lower lobe of the right lung and bilateral upper lobes, suggestive of a racemose tangle of blood vessels (Fig. [1](#F1){ref-type="fig"} A, B). The large PAVF was between the anterior basal segment of the lower lobe of the right pulmonary artery and the upper basal segment of the right vein (37 × 28 mm). These signs indicated a large complex PAVF involving both the upper lobe and basal segment of right lower lobe. The serpiginous angiocardiogram also showed an arteriovenous communication in the anterior segment of the left upper lobe.

![Pulmonary arteriovenous fistulas and postprocedural images of mother (A--D) and daughter (E--H). (A, B) Multislice computed tomography showing an anomalous communication between the basal segment of the lower lobe of the right lung and the left upper lobe (white arrows). (C, D) Successful closure of the pulmonary arteriovenous fistula using a patent ductus arteriosus closure and platinum detachable coils (black arrows). (E, F) Multislice computed tomography showing an anomalous communication between the lower lobe of the right lung and left lung upper lobe (white arrows). (G, H) Successful closure of the pulmonary arteriovenous fistula using 6 platinum detachable coils (black arrows).](medi-98-e13922-g001){#F1}

After a complete work-up, the PAVF was successfully occluded with platinum detachable coils (Cook Medical, Bloomington, IN) and PDA occluder (P10/12, Starway Medical Technology, BeiJing, China; Fig. [1](#F1){ref-type="fig"} C, D). They were successfully deployed with proper positioning and there was no residual leak immediately after the procedure.

After intervention, the oxygen saturation (96%) markedly improved on room air and was maintained at the 6-month follow-up. The patient was later administered warfarin (2.5 mg, once daily) for 6 months to prevent embolism.

2.2. Case 2
-----------

A 13-year-old girl was admitted to the hospital in July 2014. The patient\'s mother (case 1, above) had received a diagnosis of arteriovenous fistula in the left lung. Because of this, the patient also had an angiocardiography, which revealed a small arteriovenous fistula in the right lower lobe. She was asymptomatic, and her history and systems review were unremarkable.

The pertinent physical findings were elevated hemoglobin (202 g/L) and red blood cell count (6.36 million/mL). An electrocardiogram showed slight changes in coronary artery circulation. Computed tomography angiography revealed a large complex lesion in the upper lobe of the right lung, and the lower lobe, outer basal segment, and left upper lobe of the left lung. The large PAVF was between the anterior superior left pulmonary artery and the apical posterior vein of the left vein (Fig. [1](#F1){ref-type="fig"}E, F).

Six spring coils (Cook Medical) were used to embolize the fistula while avoiding any occlusion of the entire arterial branch (Fig. [1](#F1){ref-type="fig"}G, H). After embolization, the outflow vessels of the fistula were blocked as well as some healthy lung vessels. However, we could not completely embolize all of the fistulas.

After intervention, the patient\'s oxygen saturation (96%) markedly improved on room air. At the 6-month follow-up, the patient\'s symptoms and oxygen saturation were unremarkable. The patient was instructed to take aspirin (100 mg, once daily) for 6 months to prevent embolism.

3. Discussion
=============

The PAVF is a rare anomaly, which can be classified as simple or complex. It is even rarer for the complex type to occur in 2 members of the same family. PAVF is an autosomal dominant disease, with about 90% of cases occurring in patients with HHT,^\[[@R1],[@R6]\]^ or alternatively, acquiring PAVF because of liver disease or infections such as tuberculosis. However, these possibilities were excluded in our patients, and the diagnoses were idiopathic PAVF.

Both the characteristics and locations of lesions in the 2 patients were very similar. Both were asymptomatic, and the physical examination revealed only slight cyanosis in the nail beds and an oxygen saturation of 70% to 85% on room air according to pulse oximetry. After medical intervention, the oxygen saturation increased to 95%. The majority of patients with multiple PAVFs have lesions confined to the lower lobes; 8% to 20% of patients have bilateral PAVFs.^\[[@R7]\]^ The present cases were rare congenital PAVF that did not involve the upper left lobe. The fistula sites of the 2 cases were similar.

The PAVF may not be observed on a plain chest film or computed tomography image. Angiographic visualization of all portions of both lungs is required to detect the presence of multiple lesions and to delineate the location of the feeding artery and the draining vein.^\[[@R8],[@R9]\]^ In patients with multiple lesions, pulmonary arteriography can confirm the presence of fistulas with a pulmonary arterial blood supply.

Diffuse PAVFs result in hypoxemia and severe complications, including cerebrovascular accidents, hemoptysis, brain abscess, and hemothorax secondary to rupture,^\[[@R9]\]^ which are challenging to treat. Surgery has long been standard. Percutaneous embolotherapy is now usually preferable, as this avoids major surgery, general anesthesia, and the loss of pulmonary parenchyma function.^\[[@R10]\]^ Platinum coil embolization is performed for pulmonary arteriovenous malformations, preserving the perfusion of a healthy lung. However, there is risk of paradoxical embolization with coils, even when using detachable ones, ranges from 0.7% to 4%. Other disadvantages include recanalization and migration through the sac.^\[[@R10]--[@R12]\]^ A PDA occluder has been successfully used for embolization of pulmonary arteriovenous malformations, as well as rapid occlusion of such malformations with a large feeding artery.

Considering that the complex type is more severe and therapy is limited, for our patients we combined the use of coils with a PDA occluder. The PDA occluders and coils were sized according to the dimension of the feeding artery. This prevented potential migration through the sac into the draining vein, which may result in a nontarget embolization. Embolotherapy was performed at the distal level close to the PAVF to preserve perfusion of the healthy lung.

The cases we describe here highlight a rare and unique presentation of PAVF in 2 members of a family, mother, and daughter. PAVF is an autosomal dominant disease, and both the characteristics and locations were very similar. We combined the use of coils with a PDA occluder to obstruct the fistula. After interventional treatment, the patients' arterial oxygen saturation improved rapidly, and remained stable when we followed up at 6 months. Despite of these, our case has limitations. For example, there is an absence of other diagnostics, like genetic tests, performance of which could enhance knowledge about this condition.
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